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DEADRISEOF20°ANDkOO

By DerrillB. Chamblissand(%orgeM. Boyd,Jr.

SUMMARY

Theprincipalplaningcharacteristicshavebeenobtainedfortwo
V-shapedprismaticsurfaceshavinganglesof deadriseof20°and~“.
Theload,wettedlengths,resistance,center-of-pressurelocation,and
limiteddraftdataarepresentedforspeedcoefficientsup to 25.0,
beam-loadingcoefficientsfrom0.85to 87.33, keel-wetted-length-beam
ratiosup to approximately8.o,andtrimsUD to 30°. Thedataindicate
that,fora givenconditionof-load,speed,’
thedistanceofthecenterofpressurefrom
dragincreasewithan increaseintheangle

INTRODUCTION

andtrim,thewettedlength,
thetrailingedge,andthe
of deadrise.

A generalprogrsmofresearchontheplaningcharacteristicsof a.
seriesofrelatedprismaticsurfaceshasbeenundertakenbytheNational
AdvisoryComnitteeforAeronauticsandisdescribedinreference1. The
primaryobjectiveofthisprogramissnextensionoftherangeofexperi-
mentaldataonplaningsurfacesto coverthehightrimsad wettedlengths
of interestinthedesignofhigh-speedwater-basedairplanes.

ThispaperpresentsthehydrodynamicforcedatafortwoV-shaped
planingsurfaceshavinganglesof deadriseof 20°and!.OO.Load,wetted
lengths,resistance,center-of-pressurelocation,andlimiteddraftdata
~ givenforaced coefficientsUPto 25.0,trimsup to 30°, andwetted-
length-beamratiosup to 8.o. Similar
deadriseof 20°smd@o andhorizontal
references1 and2. ,.,-

dataforsurfacesha&ng anglesof
chineflarearepresentedin

,. ,.

..! .-

f

—.-.-c.———— _______ _.._ ——



2 NM-Mm2376

b

d

g

z=

Zk

z~

‘1?

M

A

F

R

%

s

Sf

v

v~

w

CA

SYMBOLS

beamofplaningsurface,ft

drsftattrailingedge(measured
waterlevel),ft

verticallyfromundisturbed

accelerationdueto gravity,32.2ft/sec2

chinewettedlength,ft

keelwettedlength,ft

z=+ Zk
meanwettedlength, 2 forthesemodels,ft

center-of-pressurelocation(measuredalongkeelforwardof

trailingedge

trimdngmoment
ft-lb

ofplaningsurface) M
‘AcOs T+ RSin T’

ft

abouttrailingedgeofplaningsurfaceatkeel,

verticalload,lb

friction,paralleltoplaningsurface,lb
.

horizontalresistance,lb

Reyaoldsnumber,Vmlm,/V

principal’wettedarea(boundedby trailingedge,chines,and
heavysprayline)projettedonplaneparalleltokeel, 2mb,
Sqft

actuslwettedareaaftof stagnation

horizontalvelocity,ft/sec

—

line,sqft

meanvelocityover

specificweightof

loadcoefficient,

pladngsurface,

\/v+-cosT’J
water,lb/ft3

&b3 ,

m

.
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CR

Cv
o

Cf

cLb

c%

c%
c%

P

P

T

v

resistancecoefficient,R/wb3

speedcoefficientorFroudenumber,V/~b

skin-frictioncoefficient,
F . CosB Cos%

g sfvm* (
cm - cLbt~ T

+h06T- cLb
)

A CA
liftcoefficientbasedonbeam, = 2—

$ V2b2 c#

R CR
dragcoefficientbasedonbeam, = 2—

Q v2b2 C$
2

liftcoefficientbasedonprincipalwettedarea, C%l
&=P
2

R c%dragcoefficientbasedonprincipalwettedsrea,— = —
Q V*S 2@
2

angleof deadrise,deg

massdensityofwater,slugs/ft3

trim(anglebetweenkeelandhorizontal),deg

kinematicviscosity,ft2/sec

DESCRIPTIONOFTHEMODELS “

Themodelsares
9

leV-shapedprismaticsurfaceshavinganglesof
deadriseof20°and@ , as showninfigures1 and2,respectively.
Eachmodelisconstructedofbrass,hasa rectangularplanformanda beam
of 4 inches,andis 36incheslong.A detaileddescriptionofthecon-
structionandfinishofthemodelsis

APPARATUSAND

presentedinreference1.
.

PROCEDURES

A descriptionoftheLangleytankno.1,theappsratusfortowing
themodel,andtheinstrumentationformeasuringthelift,drag,and

.
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trimuingmomentaregiveninreference3, andthegeneralprocedurefor
makingthetestsisgiveninreference1. A diagramofthemodeland
tow5nggem ispresentedinfigure3.

Thewettedlengthswereusua3J_yobtainedfromunderwaterphotographs,
andwhenphotographswerenotavailablevf-sual.re~ngs ~re used. A
typicslunderwaterphotographoftheV-shapedsurfaceis showninfigure4.
Themeanwettedlengthwastsk.enastheaverageofthekeelandchine
wettedlengths.Actually,ascanbe seeninfigure4,thevisiblestagna-
tionlineappearstobe slightlycurvedsothattheactualmeanwetted
lengthis slightlygreaterthantheaverageofthekeelandchinewetted
lengths.Thedifference,however,-S generally tit~ the precision of
measurementandthereforewasneglectedinthecalculationofthemean
wettedlengthandtheprincipalwettedarea.

A similarunderwaterphotographof a surfacehavingan8-inchbeam
anda 20°angleof deadriseis showninfigure5. Thewool tufts
attachedtothebottomofthemodelshowinmoredetailthechangein
flowatthevisiblestagnationlineusedto definetheprincipalwetted
area.Forwardofthestagnationline,theflowis seentobeprincipally
ina lateraldirectionandconsistsprimarilyoflightspraywhichcon-
tributeslittleornolift. Ekhindthisline,theflowistowardthe
trailhgedgewitha smalllateralcomponentnearthechines.

Onlya limitednumberofdraftdatawereobtainedsincetheapparatus,
describedinreference2,formeasuringthe waterlevel wasnot available
duringmst ofthetests.

Theaerodynamictareswereheldto a minimumby thewind-shieldi~
arrangementdescribedinreference1. Theforcedatawerecorrectedfor
anyresidualtaresthatwereappreciable.Thequantitiesmeasuredare
generallybelievedtobe accuratewithinthefollowinglimits:

Load,lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . fOCU
Trim,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . ● *O.1O
Speed,ft/sec. . . . . . . . . . . . . . . . . . . . . . . . . . fO.20
Resistance,lb. . . . . . . . . . . . . . . . . . . . . . . . . . *0.U
Trinmdngmoment,ft-lb. . . . . . . . . . . . . . . . . . . . . . ~0.50
Wettedlength,in. . . . . . . . . . . . . . . . . . . . . . . . *0.25

RESULTS
t

‘Theexperimentaldataforthesurfacehavinganangleofdeadrise
of 20°arepresentedh tableI andthoseforthesurfacehavinganangle
of deadriseof@o, intableII. Theload,resistance,speed,W’etted
lengths,andcenter-f-pressurelocationareexpressedasconventional

.

.

1
(

_. ..——— —



.

.

.

NACATN 2876

nondimensionalhydrodynamiccoefficients.Byfollowingtheprocedure
usedinreferences1 =d 2,theliftanddr~ coefficients=e expressed
bothintermsofthesquareofthebeamandintermsoftheprincipal
wettedarea.Thedraftdataarelimitedin scopeandhavethereforebeen
omittedfromthetablesofdata.Dataforthedry-chineconditionwere
alsoomittedinasmuchastheprecisionofthedataforthiscondition
becamemarginalbecauseofthesmsllwettedareas.Thenonplsningcondi-
tions,thoseconditionsstronglyaffectedbybuoysmcy,forthesurface
havtiga 20°angleofdeadrisewerenotincludedhereininlightofthe
resultsofthesupplementarylow-speedscheduledescribedinreference1.
Forthesurfacehavinga &O”angleof deadrise,&U.conditionswhere
buoyancyexceeded20percentofthetotalload(ref.2)wereconsidered
nonplaningandwerenotincluded.

Plotsofthedataarepresentedinfigures6 to 19. In general,
thetrendswithdeadrisearethesameasthosenotedinreference2.
Withan increaseintheangleof deadrise,thewettedlength(orarea)
requiredata givenliftcoefficientandtrimwasincreased.(See
figs.6 and7.) Thedifferencebetweenthekeelandchinewettedlengths
wasconstantfora giventrimforbothmodels(figs.8 and9). This
difference(fig.10)wasgreaterforthenmdelwiththehigherangleof
deadriseandshowedthesametrendsasthosepredictedby thetwo-
dimensionalwave-risetheoryofWagnerasappliedinreference4. The
experimentalvaluesaregenerallylowerthanthosegivenby theoryand
thedifferencesaregenerallygreaterforthesurfacehavingthehigher
angleof deadrise.

Fora givenvalueof ~b, an increasein~gle ofdeadrisere~ted .
ina forwardshiftofthecenter-of-pressurelocation(figs.H.and12).
Theaverageratioof Zp/~ foreachtrimispresentedb figures13
and14. Increasingtheangleof deadrisedecreasesthisratioas can
be seeninfigure15 inwhichthevariationof ZP/Zmwithtti iS

shownforbothsurfaces.

Drsftdataforthetwomodelssreshowninfigures16 and17where
themeasureddraftinbeamsisplottedagainstthatcomputedfromthe

keelwettedlength.
Zk

Thecomputeddraftisdefinedby ~ sinT. These

datashowevidenceofpile-upofwateratthekeelforbothmodelsat
hightrims.Theamountofpile-upgenerallyappearstobe leastforthe
surfacehavingthehigherangleof deadrise.

Figures18.and19presentthetotaldragandtheinduceddrag
computedfromtheliftwheretheinduceddrsgcoefficientisdefined
by CLbt= ~. Thedifferencebetweenthemeasureddragandtheinduced
dragisthefrictiondrag.Comparisonofthesefiguresindicatesthat
theincreaseinangleof deadriseresultsinan increaseinfriction

.
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6 NACATN 2876

dragfora givenliftcoefficientbecauseof thegreaterwettedarea.
At thehighertrims,thefriction-dragcomponentis smallornegligible
as comparedwiththeinduced-drsgcomponent.

Thecalculatedskl.n-frictioncoefficientsfortrimswherethefric-
tionisappreciableareplottedagainstReynoldsnumberinfigures20
and21. In calculatingtheskin-frictioncoefficientsfromthetest
data,thevaluesobtainedfromfairedcurvesoftotaldragcoefficient
(figs.18 and19)andthevaluesobtainedfromfairedcurvesofmean-
wetted-length-beamratio(figs.6 and7)wereusedto improvethe
precision.‘Thegroupingofthedatawithrespectto theSchoenherr
andBlasiuslinessuggeststhattheboundarylayeratthehigherReynolds
nuniberswasfullyturbulentandthatthefrictionatlargerscalesmay
be calculatedwithreasonableaccuracyfromtheSchoenherrline(ref.~).

CONCLUDINGREMARK3

Theeffectsof anincreaseinangleofdeadriseontheplaning
characteristicsofa prismaticsurfaceare,ingeneral,thosethatwould
be expectedfroma considerationofthechangeingeometrycausedby a
changeintheangleof deadrise.Fora givenconditionofload,speed,-
andtrim,anincreaseinangleof deadriseincreasedthewettedlength
andhydrodynamicresistanceandmovedthecenter-of-pressurelocation
forward. Theseresultsarealsoconsistentwiththoseobtainedinan
investigationoftheeffectsof increasingtheangleof deadriseonthe
planingcharacteristicsofprismaticsurfaceshavinghorizontallyflsx’ed
ches (NACAmls 2804~d 2842).

LangleyAeronauticalLaboratory,
National.AdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October22,1952.
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TABLEI

FXPF.UHENTALDATAOBTAINEDFORA FLAtfIHCSURFACEHAVIl?OA 20°MOLEOFD2ADRISE
LANGLEYTAMKHOD2L276

rAverage k~nematicviscosity-10.55x10 14 ft2/seczspeaiflcweightoftankwriter-6kb lb/cufi

—
rim,

d:g
CA

0.85
2.13
2.13
2.1
4.22
4.26
4.26
4.26
4.26

:%
6.39
6.39

%J

2.1
6.d
6.39
6.39
6.39
6.39

%
6.39
6.39
6.39

6“?10.5
10.65
10.65
10.65
10.65
10.65
10.65
10.65
10.65
19.17
19.17
19.17
19.17
19.17
27.69
27.69
27.69
27.69
27.69
27.69
27.69
27.69
36.22
36.21
%.a
:g

::;3
6.39
6.39
6.39
6.39
6.39

6“?10.5
10.65
10.65
10.65
10.65
10.65

%

0.37
1.01

5:$
2.17
2X4
1.98
2.04
3.62
3.32
2:8
3.04
2:3

.49

.46
1.67

i

1.6
1.
1.
1.61
1.27
1.46
1.44
1.48

::$
2.89
2.81
2.*

2.d
2.7

2.50
2.W
2.42
2.47

(g

4.54
6.9e
7.m
;:;

6.
6.
?7.:

w
9.02
.M
.14
.1?
.4(
1.3
1.21
l.a
1.2[
1.3
1.Z
1.2”
2.1{
2.y
2.2’
2.4
2.0!
2.0:

!:%;:g
:62
0

;Z$
1:88
1.95

::2
2.22
5.88
5.88
2.50
2.75
2.25

:$
.50
.38
.25
0
6.5o
3.al
3.(MJ
2.80
1.62
1..50
l.n
:g
6.75
6.62
4.w
3.Ca
1*%I
6s2
6.25

?%
5.25
4.00

j:g

6:12
5.w

g

2.25
2.2
2.2i
2.25
2.25
.75

g;

;$
.

2.49
3.lt2

M
+.86
3.39
1.59
1.59
I..!m
+.59
+.05

g

.63
2.43
1.6
d
k.5
2.2{
2.52
2:g

1.05
1.11
1.I1
.72
~:;

2:2
2.8

::$

1.74
1.14

5:?
i

:23

Jo
2.0

4.65
4.n

;:%

~;[

4:%
.63

#
.7
1.
1.3
1.91
1.78
2.01
2.0%
1:12

3.53
3.33
3.27
3.27
2.04
1.08

.0198

.*56

.0453

.0200

.046$

.046

.021z

.02M

.0158

X?&

.0318

?s

@
.0 5
.0 2
.1238
.@
.0785
.07
:g

:0444
JJ4419

.03$

.1237

.0816

.0797

.0777
j66

.0622

%J

.C975

.0795
mgg

J
.M1
.10
.1058
.115

.0882

.129
a9g
.0810
.0779
a&5

z.13
.125
.12d
.1238
jl-15
.0441
.18

%.179

::%
.12
.071%

1.00
?i!iJ

.0235

.Olot

.W 2.CQ7

.0258

.0229

:%??
.o151
:%8

.0182

.0L69
JJ&3

.0192

:%J

.O1o1

:yj

IS&
.0205
.0199
.o146
.o148
.0146
.Olm
.Cnm
.0352
a&3

.Oxk

.o144

.Oy

.oy2i

;%

.0229

.0210

.0236

.03.1

.0328

.0292

.o114

.0129
JX~3

i.027
.0238

&
.02
.02
.0250

:%2
.0377
.0394
.0373
X&

.0148

%8

.013

.WJ

.010

.014

%J

.010

.OH
---
.008
.CK17
.010
.009
.013
.041
.02
;:$

.01

.024

1:$
.02

.033

:%

$-#

.022

.022

.022

:%J

:%
.017
.017
.019
.021
.02
.018
.018
.018
.Ozu
am;

.Ozl

.019

.01

.018

.019

.@2

.078

.055

:%

:ti
.045
.&3
.062
.088
.034
.0$

%J

F

CDS

MYJ50
.(K)W
.CXY+2

Oo#

.005

.00

kx
.ck352
---

:32
AK&4

a
:=52

:%
.@+9

%jj

.00
A&6

:&
S)l&l

.(Y3J

.c056

:X
.0067
.C!061
Lx&

‘?
.0048
.cxYt7

:E5;
;$7

.0049

:%
.Ow
.0050

?!3
.CkJ2
.(M
.m48
IO&4%

.0129

.O11o

.0122

.Oloa

.0087
Jx&

.0091

.o122

.0170

.00+9
ml?

.00
t.001

.OLI.8

.
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TABMI -Continued
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Trl.1

=F’ETIIHENMLDATAOBTAIREOFORA PLMIR13SURFACEHAVIrfIJA 20°AHOLBOFOFADRISE

c

10.
;;:
19.
19.
19.
;;:
19.:
19.:
27.(
27.(
27.(
27.(
27.(

%:i
36.;

$:;
36.2
53.2
53.2
53.2
.8
2.1
2.1

::;

6“210*
10.6
:O&

19.1
19.1’
19.1
19.X
19.X
19.1:
19.1:
27.6$
27.6!
27.6!
27.6!
36.21
36.=
36.23
3$:

53:25
~3.25
~3.25
~3.25
)3.25
W.29
0.29
0.29
Q.29
17.33
17.33
i7.33

‘7:$

2.13
2.1
2.13
;:&3

;:8
0.65

c

—
21.’
22.
12.(
12.’
lz.i
17.1
17.~
17.(
22.(
25.;
15.1
17.!
17.(
21.:
25.4
L7.4
20.1
24.1
%4
24
f?5.

?l.o
?4.2

‘?O
$!

,0.2
2.9
2.9

;:;

9:
$9*4

2.5(
2.s
7*6$
7.7!
Z.a
k.75
5.X
7.n
L.%
5.16
2.2C
;.41
>.19
k.40
;.40

::$
h7

;.28
1.29
1.23
,.20
!:~g
‘:$

@
.05

:Z

:%
.32
:3J
.44
J+9

c

—
(

—

o
74
6.
7.
7.
2.
2.
.2.
.

7:

::

::(
7.:
4.(
2.{
2.
Z.i
2.:
f:

4:(

1::
.3
.:
.1
.1
L.7

:!
+.0
3.9
L.6
!.7
.4
::
)
..5
,.a

:3
.3!
.9/
.5!

$

:2
.0:

$J

.%
-95

g

,88
62
.55
%
)
.88
.75

a&
b

0.(z.:J
M
2.1
2.1
2.1
.$
.2

?;
3.6
2.1
1.1

2:
2.2
2.0
2.1
1.8

31
3.s

::
.6
..

.3:

.::
:2
!.8:
1.0(

#

J21
.24

:2

%
.49
.22
.4%
.45
.75
.97
.41

:E
;%J
)44

%
879
,93

‘g

~

g

%

0.04
.24
.24,
.23
.23
.la.~l
.12
.Oti
J%(
.241
.l&
.1X
.lZ
.08!

::$
.1A
.la

:5

:%

:W
.183
.081
.121
.081
.076
.241(
.182
am
.40’7
.39R
.24P
.242:
.lz?!
.121:

:%%
.236-(
.179
.l.19[

:%

.3U$
91216
s122
.4908
,360
i%
,2 5
!1 7
;:g5

{
:2%7

:%
:%
i.128

:;ga

.2P.1 9

:$%
.07%2
.2380
.2365

c

O.cci

:%
.05/
.0s
.02!
.02’
.0$
.01:
.Olc
.05:
.035
.Oy
.02:
.015
.0%
.036
.025

:%$

.052

.037

.03
z.01

.041

&:7
.019
.Olti
.059:
.0421
.o19!
.l@l
.098s
.059t
.057(
.02d
.02G
.0187
.Olw
,0575
,042
.02d
@212
Lao
s155
,075
,02L
%$

0%

L203
0771
0595
0532
137
lc@7
Om

.$$

M&

.055U

.02*-

.0402

.0251
10815
B0793

‘%

0.09
.03
.03
.03

~

.04

:%
.03
.03:

:x
.0s
.o~

%J

.041

.04:

::3
.038

:3

%J

.127

.153

:Z2
.*
.13
.nl
.180

:$%
.272

::2
.28
.208
.087
.040
.117
.179

~?

.129

.146

:%

JY

::%
.095
.107
.1.14
.X@
.41
,238

:%
.%9-
.530
.23
2.20

. .

F

1%8
0.01;
:&l.m
%!.oa.008.010
:3
.@37

:3
.010

:=

.008(

.0a8.
awl.0071
.007/
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TABLEI -Contlnuad
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% I
t

;:
19

H
19

:;(
19<
19<
27*
27,
27,
27,

%
36.
%.
36.

z?
53.
53.
53*
70.
70.:
70.:
g;::
87.:
87..
a?.j
2.1
6.2

6“210.
10.6
10.6
19.1
19.1
19.1
19.1
19.1.
27.6
27.6!
27.6!
27.6!
3$:

3$$
.

~3.2!
!3.2!
!3.25
~3.25
D.2j
‘0.3
0.2$
0.29
0.29
7.33
7:3$
2.13
2.1
2.13
2.13
2.13
5.3

::5
).65

0.5C
o
2.X
2.6C
1.85
1.8a
.85
.25
0

04‘ 1
0.1 O.q

.1:

.Ot

:&
.0(
.oE
.lC

z:;

:%

:$

1
.10
.06

:%
.09,
.m
.Ma
.082

:3;
.067

:%
.09q
:$:;
.21
5?.1 :

MY
.125:

:;b&

:13
.1*

:%

.141J
S47C
.1739
1952
1335
1372
l!VJ$)
Zolz
1168
12

$.! 3
.1712

::g

:%
.2402
.2678

F

.7

:2d
.2507

1.

t
1.
.
.
.
.
.
.
.
.

1:’
.(
.’

1:1
1.:

::

1.;

;

“z..
-3
:?
.-

:2
.3
.1[

.;;

.$
:1;
.W
.M
.24
.Z1
.06
,20
X56
,27
24

~

-~
.%
1.11
--
-.

:E
.3
.18
.27
.15

;?

0

0“

;:
.
.

;:
.
.

2:1
1.1

‘i
?7
1.1
.8
.5
.1
()
.,
.:-c
1.7!
1.1!
.6(
.1!
)
.6;
~~
,

.:G
.9:
;g

.55

.15

.62

.25
,75
)70
B55
,90
n
:$z

0:$

o:%
.lz
o

:%

2
1.
.

::
.
.
●

2..
..:

:;
!0z
.. /
,.2
.9
.6
●2
.1

:1

::,

:;.,
.0
.Z
.4!
.2+
,2:
.61
,C4
,4(
z
7C

[
c

1:85
1.
1.$?

:2
1.74
.96
.06

:%
.%
:2
.19

:;

.-

=iz=
!

.
— —
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TABLEI -Concludd

EXPERIKEHTALDATAOBTAINEDFORA PLANINGSORFACEEAVIN(IA 20°ANOLEOFDEADRISE

CA

10.65
10.65
19.17
19.17
19.17
19.17
19.17
;$:;;

27::$

27.69
36.21
*.21
36.21
36.21
3J.ZJ

36:21
36.21
36.21
36.21
53.25
53.25
53.25
53.25
53.25
53.25

Cv ‘%

0.32
---

l.y
.98
1.00
.50
.18
.12
.50
:g
o
1.28
;%

.78
;g

.32
:1?

1:;

.75

.50

.32

.25

LA?IGL2YTANKHODKL276

0.39

135-
1.04
1.06
.57
.28
.19

f:

lii

:$

:Z
.39
.19
.19
1.39
1J&

.56

.39

.3

a~
-z-
D.45
---
1.42
1.10
1.12

:%
.25
.62
.4-9
.3
.12
1.40
.87
.85

:8;
.45

:$
.25
1.45
1.10
.aa
.62

:3

~i

b

)*C4
---
.78
.64

:?
i

:;8
.39
.30
.24

:&j

.k5

:3
.1s
.21
.24

:Z
.63
.45
.9
.12
.23

c% c% CD8

-— —— --–. ——. ——- —-—– --
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TABLEII

=lXEXTAL MTA 02T- FORA PLANIHGSURFACERAVIHGA k3°ARGLEOFDEADRISE

I.AROLKYTARKMO~ 277

[
Averagakinematicviseoaity=1.1.60x 10

1
4 ft2/see;specificweightoftankwater=63.4lb/oul%

Trim,
d~g

t
4

:
4
4
4
4
4
L

i2
12
12
12
12

E
12
12
12
12
12

;:
12
12
12
12
12
12
12

E
12
12
12
12

r
CA

I
1--1

% CR +

0.85 4.67
g ;:% :;$

$g ;:$ 1.91
2.95

$:$ ::g $:

10.65 19.70
10.65

5.35
10.65 w; 23
10.65
10.65 w $$
10.65 24.55
10.65

23.12 $%?
24.55

19.17

19::$ 22?2 8:%

:::2 1::(; m
4.26 13.69 1.50

,;:j ::g HJ

10.65 1 .21
10.65 21 .26
10.65
10.65
19.17

ZHJ “ :$

19.17
19.17 Wi $:
l$::;

27.69 %:~~ ;:~
27.69 25.25
27.69
36.= &5:;; $?:
36.21 24.10
36:~5 24.92 ll:g

:::~ ;$ A!
;.24 ;::g 1.22

1.84

,~:$ Hi HJ

19.5 ~g
10.65 16.
10.65
19.17 U.
19.17 12.M
19.17 12.45 5.34
19.17 12.=JI 5.?O
19.17 12.k 5.53
19.17 17.W 5.a

19.17 ;;:$ :2
19.17

19.17 21.87 5.57
19.17
;;::; $$ ~g

27.69 21..297:85
27.69
27.69 :$2 ,~;~
36.21
36.21 - 10.02
36.21 :<;+ .~10.>
36.21 10.2

15.25 10.46
%::: 20.19 10.24
36.21 2b.wl 10.C6

-. I
2.(XI
1.25
1.25

w
—1
5.25
sow
3.25

;:?5

~
2.0
1.8
1.25
1.75
4.75
4.25

::g
1.00
2.37

4:Z2
4.75
2.25
.75
$?J

2:75
1.75

:YJ

2.75
6.!3)

tz

,:~

:$

.40
1.82
:$
4.38

z
::F
3.2

q
2.7

l.oa
.25
0
3.03
1.e8
l:g

7:3
7.I.2

:;:

HJ

I

--- —
3.62
2.82 w
3.00
3.44 $g
3.50 .

—1—
:::;

$:G
,1.89
4.26
3.81
3.27

::%
::$
2.7

;$
.---
1.25
2.19
::?

$
1.2

i:%
m

%%
2.2
1.6z
3.87
3.27
2.61

C.E
4:02
3.60

:%
1#

1.00
.67
.99
1.61
.68

3:2
2.31
2.25
2.31
2.28
1.35
1.05
10CQ
.6o
.47
2.22
1.53
l:g

b:%

ltz
3.15
3.09
1.56
.99

%tg

%&
%?
:%2
.0547

:2$
.0448

:::2
.0717
.(%06
.0448

:::

.Ow+

.1237

.1220

.0806

$#
.1217
.08w
.0623
.I.260

:WJ

gg

.0808

.0816
m;

J&4

.082z

.1786
Jw&

.3.146

.248

.24&

.2454

.2k15

d
.125

:YZ5
.Om
.0626
.2400
.1752
.1220
.1022
.0879

:p

.32

.-4

.1776

.12I.6

0:XJ27$
.0159
.om2
.Om$
.0204

::3
.0319
.0276
.0272
.0276

o?
.022
.02
.0166
.0185
.03

2.027
.0152

d
.015
.02
.0160

*

.025

.01

.0 8

:W
.Ol%
.oI.26
.0528
.0379
.029
.0198
.*12
.034
.0272
::26;

:$%
.02M
.0241
.W7
.0226
.0351
.022
.02d

:&?:

:%
.0701
.0688
.07C%
$6 ;
J

.0346

.0346

.02
i?.018

.0684

::E
.0292

J
.025
.1 0
.1293

:~~

.O*

.0338

o.oG-
.009i’
.Ou?l
.01
.013---
.o112
.0096
.Cm8
.0102
.010
.01:
.OI.2
.O11
.O1o1
.O11o
.0101

.0s?

.038

.0248

.0211

.0280

::2aT
.(X2C4
.0236
;o~4

&[
.0206
.0197

::3
.0205
.0201
.023.7
.Oz?lo
.0209
.0199
JXJ;

:$j

.0900

.

Y
:%7:

:q
.C48

!J,:2

;g~

.1053

:%

%1#

.0916

.0620

.0610

:%;
.(2495
.074
.G928

O.&;
.W5(
.@

:%
--

.00%

.004’d

.CKyi

.(MY

.C05’

.cQ5i

.(X35:

.Q35.

:%
.Olx
.0101
.0Q8’
.
%
:008:
.Ow
.CXm

---

.QC68

.CQ61

.0066

.Ow

.(X?67

:%5
.m%i

:3

.0247

.0232
JXj5

.02d

.0245

.0217

.0221

.02
?.029

.0185

:g~

.021.4

.Wll

.0244

.0229

.0305

.0369

.0195

.0209

.02

.02
?.026

.0176

.0169

J
.016
.01
.021X)
.0211
.025a

.

.—— --— . —- .-. –— -
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TABLEII-Continued

~~IKEHTALDATAOBTAINEDFORA PLARIHOSURPACERAVIR(IA 40°MOLEOFD~. RBB

~Q~ TAKKMODKG277

CA

36.:
36.:
53.:
53.:
53.:
53.2
53.2
53.2
53.2
53.2
53.2
70.2
70.2

i;:;

2.1
2.1
2.1
6.3
6.3

6“210.
10.6
10.6
10.6
19.Y
19.1
19.1
19.1:
19.X
19.X
19.X
19.1;
27.6!
27.6!
27.6!
27.6!
27.6$
27.6:
2J:XJ

%::

$::

w
36.21
Z:;;
53.25
53.25
53.25

?3:$?
53.25
70.29
70.29
70.29
70.29

;;::;
97.33
97.33
37:j;
2.13
2.13

H?
6.39

Cv %

10.:10.(
15.1

2
1 .(
1 .[
15.:
15.1
15.(

1
1 .1
1 .9
15.1
a.5
20.2
20.0
25.z

:i
2.2
2.4
2.
3.3

1
~:;

.’

2:;
7.a
6.54
7.X
7.2;
lo.fx
9.8)
9.9!9.9:
10.1$
1O.(X
9.9’5
13.~
13.Y
L3.24
L3.lt
L3.Ot
13.0;
13.32
L3.Ck
19.62
L9.2~
L9.1~
L9.2S

il
L.%
1.90

!U?z
!5.40
!5.20
!4.85
!5.52
!5.14
U-73
!l.73
U.37
U:?:
.98
1.04
3.04

w

-.
O.E
7.5
7.6

;:!

H
3.0
::;

~:;

3:;,
1.2

::
1.91
.5{
.1(
1.9

.$
1.

3:%
2.9(

::Z
1.4:
1.5:
;SJ
1.5C
1.2’
.8/
.75

J:i

g

l.qJ
1.CX3
.50
.55
3.75
3.5
i3.0

2.80
2.82

‘{i
3..98
2.08
L.98
L.38
L.2
3.8i
+.00
?.95
?.15
.05

:3
,.32
.2.2

-,

h
8.1
6.,
6.2

g

3.6
2.C
7.7

$!

1.5
1.1
.4
2.2
.8
●4
1.8
1.8
L.
.i
3.8
3.2
1.8
L.9:

i{!

“zL.;
L.~
!.lf
..0(
.81

~~~

..lt

:X

:$

.:%

.26

.ll
,.11
.13
.81
.69
.19
.19
Ju

::9
J;

.29

.22

.46

.26

.16

.3

.55

.21

.36

-.
1.5

::2

2:;
h.h

?::
4.1
2.6
8.3

$;

1:1
1.5[
.71
2.$5
1.1:
.Z
2.1:
2.X

;:$

3:5:
2.1!
2.Z
2.C4
2.1:
1.1:
.8;
2.U
L.8f
1.5C
l.%
1.12
L.12
.88
h5C

:;?5
?.82
?.12
..62
..12
..17
t.3’7
1.57
}.W
1.42
1.45
!.12
!.m
-50
.50
‘:g

?$
:7%

:$

:$
.60

2P
-r
0.9(

4:3
4.1;

w
::?
2.2i
2.
#1.:

3.72
3.0
2.1i
2.79
---
1.0
.8/

1.5
::
.30
1.1
1.1(

:1:
2.31
1.97
1.2
L.~
L.1
1.
i??
:W
L.11
1.0
.J
.75

,:$
..
!.49
!.64
..59
..27
.75

‘:i
.65
.02

:7

:+
.55
.46

:1?
.10

:Z
.04
.41
.20
B72---
,43

z

%b

7’

.—. —- —.— . ~.. .——. —
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TABLEH -ContimmA

~AL DATAOBTAIUEDFORA PLARINll 2URFACEHAVIRGA k3° AHoLEOFDEAJRISE

LAHGLKYTAHKMODEL277

CA

10.65
10.65
10.65
10.65
10.65
19.17
19.17
19.17
19.17
19.17
19.17
19.17
27.69
27.69
27.69
27.69
27.69
27.69
36.21

$:E
%.2.I
53.25
53.25
53.25
53.25
53.25
g:3;

53.25
53.25
70.29
70.29
70.29
70.29
70.29
70.29
70.29
.85
2.13
2.13
2.13

::$
6.39

‘“?10.5
10.65
10.65
10.65
10.65
10.65
::::g

10.65
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
19.17
27.69
27.69
27.69

6.5:
7.2!

1::$
16.35
8.7:
9.
c12.*

12.w

z
12.t
17.
ZI.9(
11.n
15.01
17.65
2L.13
24.4(
24.55
12.2c
15.01
20.19
2h.71
14.
14.%
14.7:

:2:2
16.38

2#
18.

1 .68
16.78
19.
20.

F20.9
21.04

t
24.5
4.1
4.18
4.8
5.d

1:$
10.07
12.:7

g:$

9.21
9.21

9“ZLO.
10.89
16.07
8.75
8.75
9.(XI
9.67
:.;;

L2:hl
12.44
L2.50
L2.
?12.7

14.70
17.60
?4.28
LO.61
15.19
17.60

%

23
5.OC

$$

$;;

i
9:0
9.1
9.20
13.01
13.07
13.02
13.08
1.2.92
13.36
17.13
1 .03
z1 .89
17.16
25.22
24.m
24.

8

%2

25.01
25.B
33.11
Y. 6

1p. 2
ZQ*53
32.L
32.1

33:&4

1.21
1.23
l.a
1.24
3.70

;:$

6:9
6.28
6.43

w
2:%

6“?IJ..3
=.37
Il.
Il.G
11.g
SL*
11.$
—

IJ..29
11.w
IUIO
L1.46
2.1.48

z
11.3
16.1
16.28
16.35

2.44
1.85
.95
.62
0
2.50
1.92
1.CX)
.95

:%
2.00

ii
;3J
.25

1:$
2.2

.35
2.55
2.50
2.52
2.50

I.&l
1.2-

::?

2.50
1.75
1.50
1.50
1.38
:%

.78

.50

.25

.10
1.05

:17
1.12
1.45
L.12
.80
.80
.75
.55
.50

1.88

:;;
1.55

i:~

:%
.‘8
.75
$/

1.92
4J

::$2.6

.84

.3
2.71
2.12
1.21
1.16
1.14
.%
.38
2.19
1.16
.79
.55
:8
2.72
1.62
.89
.59
2.75
2.70

i
2.2
2.9
2o11
2.02
1.48
1.18

J$
2.71
1.95
1.70
1.70
1.5
1.12
.18
.92
.65
.40

1:32

L:%
L.60
L.28

:%
.9J
.70
.65
.3
?.03
?.02

w
L.65
L.59
.96
●95
L.03

:8
:$

,5

.65

2.8t
2.Z
1.3
1.0:
.6C
2.92
2.
$1.*

l.y
1.3
.75
.62
2.*
1.37
1.(X
.75
.65
.7C
2.2
z1.5

1.10
.82
2.95
2.90
2.2
12.8

2.3
2.25
1.70
1.3A

3:%
2.92
2.15
1.90

::%
1.*

1:$
.8o
.55
1:3

I:Z
L<z
1.10
1.08
1.05
.85
.8o
.50
2.18
2.15
2.10
1.M
1.78
1.’73
1.I.2
1.10
1.18
1.CL9
1.02
.85
.65
.30
2.a3
l::;

%

MCJD.k99

.1&L6

:%
:32
.2444
.2426
.1238
fw;
.2458
.1770
.1243
.W30
:33

:1=2
T.U 6

:@

:4
.W%

:#j
.1648
fw;

.3770

.3268

.=

.3176

:%%

::%
.1240
.0&J8
.379
S260
.0772
:tg:
.3262
.25L1
.2511
.2431
.18L%

;%

.5038

.473

.41d

.4100

.3978

:%”d

:;:2

..&

.23

.I.240

:$j
.1788

%)b

0::g
8

.1162

:?3
.2322
.1919
.u42
.11
8

:?5

6
.0 2
.1
.3J.60

o?
:?

:&
.237

:%
.0562
.2373

:;%
.azl
.188
.M3?’8

L
:2?
.07

:$%
a76g

::%
.I.m3
.0462
.1385
.1046

~:

:%
.2445
.23W
m;

.lm

d
.142
.1 2

w
.2972

:g?

::?$

.W4f

.lE-

.1376

.1o61

.0742

.0392

.2918

.1411

.1058

% c%
D.0889

:%
.1019
.X28D
.0857

:%
4476
.1CQ5
.1057
am~

.lCW
Jgi

:%
.0933
.093
:%3

08$
.08

:0783
.0900
Jwc9;

.0980

.ZL20

.Q947

.0863
:%;
.0887
.0931
.C9
?.257

.1505

.16o9

.1765

.15’7
2.153

:m8
.lqlo
1:34

;$

.1
$.128

.16C9

:W

:X/J

.1484

.1552

.lwn

.1%

.1 0

2
.1 6

:i6i$

:~#

7

m

.

— ——
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TABLEII-Concludd

~AL DATAOBTAIHEI)FORA FLARINGSURFACERAVIH13A @o AHGLEOFDEADRISE

LAHOLEYTAHKHODEL277

CA

27.69
27.69
27.69
36.=
36.Z
S.21
36.21

$:
36:21
36.21
*.21
53.25
5:.25
53.25
53.25
53.25
70.29
70.29
70.29
70.29
70.29

$:%

;?;;
87.33
87.33
87.33

‘%

21.14

%$
12.11
1.2.11
1.2.14
15.07
15.25
:;:;

2
20.13
24.25

z
2 .25
1 .79
16.29
16J+1

$$

%:9
?22.9

2b.95

z
2 .O1
1 .60
18.70
18.70
2.1.04
22.88
25.22

0:$

.12

w
1.90
:::;

.8o

:%
.25

1:$
1.55

1:%
.60
2.12
1.20

::z

Zg

T.98
1.95
1.62
1.12
.88

+

0.50
:$$:g

2.&
1.26
1.25

:~
.70
.52
.39
2.02
1.70
1.62
.?8
.75
2.27
;:~g’

l:&

.91
2.15
2.12

::3
1.28
1.03

!#

0.70
.45
.52
2.15
2.12
2.18

::2
1.10
.82
.85
.8o
.58
2.12
1.85
1.72
.92

2:~
1.93
1.25
1.30
1*O2
1.08

;:3
2.22
1.92
1.42
1.18

0.24
.24
.20
1.20

z
1.1
1.1
.69

$:

:3.15
1:2
E
.2
.27
1.17
.72

:2
.46
.47
1.23
1.23
1.23

g

“%b CL
a

CD
s

L146k
.2310

:g

.lW

.1%99

.Ik72
::52~

a.1 6
.1404
:X$

.J&

.1 7

.1%7

;$g

3.1 1
::$3

.UIJ

.1

.1

.13

.X299

.1522

.1.%7

.
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w

Figure2.- SketchandcrosssectionofLangleytankmodel277,~“ angle
ofdeadrise.
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F(-2
Draft scale

Dashpat
‘[

Q

0

Flgme 3.- Set~ of mdel and towing gear.
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Figure k.-Typlcal underwater photogaph.
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I
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Figure12.- Variationof center-of-pressurelocationwithliftcoefficient
forsurfacehavinga &O”angleofdeadrise.
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